Introduction
Electromagnetic stimulation is a common clinical treatment for improving weak bone healing in the femoral head in case of avascular necrosis. It is based on the principle of a reciprocal piezoelectric effect and the piezoelectric properties of bone tissue [1] . In our present work the bipolar induction screw system ASNIS S-Series screw [2] with electrodes and integrated coil was studied. An extracorporeal primary coil is used to generate an oscillating magnetic field at 20 Hz. This field induces a sinusoidal alternating voltage of 700 mV into the screw. In order to investigate how the screw parameters influence the electric field distribution the shape of the screw tip, the size of the isolation area in the screw and the position of the screw in the femoral head were investigated.
Methods
The electric field distribution in the femoral head was calculated using the software COMSOL Multiphysics (COMSOL AG) which has an implementation of the Finite Element Method. A human femoral head CAD model used in the numerical simulation was reconstructed from a high resolution CT scan (Fig. 1) . The material properties which are used in the numerical simulation are considered according to data of Gabriel et al. [3, 4, 5] . The electric field distribution for this numerical model was calculated under different parameters for the screw implant in the femoral head, such as different tip geometries, different locations and different isolation lengths. Moreover, a validation experiment was also carried out for same femoral head with an implanted screw (Fig. 2) . Electric potentials of definite points inside and on the surface of the bone were measured. The data from the numerical simulation and the experimental validation were compared. 
Results
The contour lines of the electric field norm (5 -70V/m) in the femoral head (Fig. 3) illustrate the electric field distribution according to different screw isolation length design variations. The intensity of the electric field in the femoral head was significantly decreased by increasing the isolation length. In order to quantify this kind of electric field change, the volume fraction in terms of the percentage of electric field volume in the femoral head was taken (Fig. 4) . We found that each 1mm screw repositioning results only in a 1% electric field volume change, which is similar to the effect of a 1 mm isolation length change. In the three kinds of screw parameter variations, screw tip designs have the smallest influence on electric field distribution in the femoral head. Designed round screw tip and flat screw tip respectively result in 0.3% and 1% electric field volume change.
Comparing the numerical simulation results to the validation experiment results (Fig. 5-6 ), on average, a 10% electric potential loss occurs when measuring the points approximately 5mm inside the bone. The deviation increases up to 40% when the measuring points are located on the surface of the bone. 
Discussion
The numerical simulations can give insight into the electric field distribution in bone structures. It was demonstrated that the electro-stimulation treatment of bone structures in clinical applications is sensitive for the given parameters. In future application, different implant designs and electric stimulating parameters can be simulated in order to provide data for patient´s adapted solutions for treatment of avascular necrosis and bone defects.
